We report the first measurements of absolute branching fractions for the W -exchange-only processes Λ , where the first uncertainties are statistical and the second systematic. Our results are more precise than the previous relative measurements.
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Introduction
Weak decays of charmed baryon provide useful information for understanding the interplay of weak and strong interactions, complementary to the information obtained from charmed mesons. The lightest charmed baryon Λ + c is the cornerstone of the whole charmed baryon spectroscopy, and the measurement of the properties of Λ + c provides essential input for studying heavier charmed baryons, such as singly and doubly charmed baryons [1, 2] and b-baryons [3] . However, theory development in describing the Λ + c has been slow [4, 5, 6, 7, 8, 9, 10, 11] , mostly due to limited understanding of the nontrivial non-factorizable effects involved, especially the W -exchange process. This is very different from the cases of the D (s) meson decays, where the W -exchange amplitude is suppressed by color and helicity symmetries. Therefore, clean experimental measurements of the W -exchange-only process in Λ + c decays play an important role in the identification of the non-factorizable contribution in different theoretical calculations [12] .
The Cabibbo-favored decays Λ + c → Ξ 0 K + and Ξ(1530) 0 K + proceed only through the W -exchange process, as depicted in Fig. 1 . These two modes are typical Λ + c decays to the baryon octet and decuplet states, respectively. In these two decay modes, large cancellation between different matrix elements occur in both S-and P -wave decays, making theoretical predictions very difficult [13] . Several model predictions of the branching fractions (B) for Λ [4, 16, 17] . In experiment, these two modes were studied by the CLEO [18] and ARGUS [19] collaborations more than 20 years ago. Both collaborations directly measured the relative decay rates compared to B(Λ + c → pK − π + ), as given in Table 1 . Correcting for the branching fraction of the reference channel, B(Λ + c → pK − π + ) [21, 22, 23] , the average results [24, 20] . Apart from the poor precision of the two B's, the experimental result for B(Λ + c → Ξ 0 K + ) exceeds the upper end of the predictions by almost 2σ. Hence, an absolute and more precise determination of these B's is an important input for the modelisation of the hadronic decays of charmed baryons. 
Decay Measured
2.6×10 −3 [4] 3.6×10 −3 [6] 3.1×10 −3 [10] 1.0×10 −3 [14] 1.3×10 −3 [15] [19, 20] (4.0 ± 1.0) × 10 −3 [24, 20] 5.0×10 −3 [4] 0.8×10 −3 [16] 0.6×10 −3 [17] In this Letter, we present a study of the Wexchange-only decays Λ + c → Ξ 0 K + and Ξ(1530) 0 K + , based on a data sample corresponding to an integrated luminosity of 567 pb −1 [25] collected with the BESIII detector [26] at the center-of-mass energy of √ s = 4.6 GeV. Throughout the text, charge-conjugated modes are implicitly assumed, unless otherwise stated. At this energy, Λ + c is always produced in a pair accompanied by aΛ − c , and the remaining phase space does not allow any additional hadrons, hence a double-tag technique [27] can be employed. This technique does not require a measurement of the luminosity and knowledge of the production cross section, thus providing a model-
candidates by reconstructing theΛ − c exclusively in one of 12 hadronic decays, as described later. Then, we search for Λ + c → Ξ ( * )0 K + candidates in the system recoiling against the ST side; the collection of selected candidates is referred to as the double-tag (DT) sample. In this analysis, we only detect one K + in the DT side and deduce the presence of a Ξ ( * )0 in the final state from four-momentum conservation. The absolute B of Λ + c → Ξ ( * )0 K + is then determined from the efficiencycorrected ratio of DT yields to ST yields.
BESIII Detector and Monte Carlo Simulation
The BESIII detector is a cylindrically symmetric detector with 93% coverage of the full solid angle around the e + e − interaction point (IP). The components of the apparatus are a helium-based main drift chamber (MDC), a plastic scintillator time-of-flight (TOF) system, a 6240-cell CsI(Tl) crystal electromagnetic calorimeter (EMC), a superconducting solenoid providing 1.0 T magnetic field aligned with the beam axis, and a muon counter with resistive plate chambers as the active element. The momentum resolution for charged tracks in the MDC is 0.5% at a transverse momentum of 1 GeV/c. The photon energy resolution for 1 GeV/c photos in the EMC is 2.5% in the barrel region and 5.0% in the end-cap region. The combined information of the ionization energy deposited in the MDC and the flight time measured by the TOF is used to perform particle identification (PID) for charged tracks. More details about the design and performance of the BESIII detector are given in Ref. [26] .
We use high-statistics Monte Carlo (MC) simulation samples of e + e − annihilations to understand backgrounds and to estimate detection efficiencies. The e + e − annihilation is simulated by the KKMC generator [28] , taking into account the beam energy spread and effects of initial-state radiation (ISR). The response of the detector to the final-state particles is simulated using GEANT4 [29] . Inclusive MC samples, consisting of generic [30] , ISR return to the charmonium(-like) ψ states at lower masses, and continuum processes e + e − →(q = u, d, s) are generated to study the backgrounds and to estimate the ST detection efficiencies. Exclusive DT signal MC events, where theΛ − c decays into the studied ST modes and the Λ + c decays into
(with Ξ 0 and Ξ * 0 decaying generically to all known channels), are used to determine the DT detection efficiencies. All assumed simulated decay rates are taken from in Ref. [24] , and the decays are generated using EVTGEN [31] .
For the MC production of e + e − → Λ + cΛ − c events, the observed cross sections are taken into account, and phase space generatedΛ − c decays are re-weighted according to the observed features in data. For the decays of Λ + c → Ξ ( * )0 K + , the angular distributions of K + are generated following 1 + α Ξ ( * ) K cos 2 θ K , where θ K is the polar angle of the K + in the rest system of the Λ + c . The parameters α Ξ ( * ) K in these two decays are determined from our measurement, as discussed later.
Analysis
The STΛ − c baryon candidates are reconstructed using 12 hadronic decay modes:
, and π 0 → γγ, respectively.
Charged tracks are required to satisfy | cos θ| < 0.93, where θ is the polar angle with respect to the positron beam direction. Their distances of closest approaches to the IP are required to be less than 10 cm and 1 cm along and in the plane perpendicular to the electron beam axis, respectively. Tracks are identified as
, while charged kaons and pions are selected using L(K) > L(π) and L(π) > L(K), respectively. More information related to PID in BESIII can be found elsewhere [11] .
Clusters in the EMC not associated with any charged track are identified as photon candidates if they satisfy the following requirements: the deposited energy is required to be larger than 25 MeV in the barrel region (| cos θ| < 0.8) or 50 MeV in the end-cap region (0.86 < | cos θ| < 0.92). To suppress background from electronic noise and showers unrelated to the event, the shower time measured by the EMC relative to the event start time is required to be between 0 and 700 ns. The π 0 candidates are reconstructed from photon pairs that have an invariant mass satisfying 115 < M (γγ) < 150 MeV/c 2 . To improve the momentum resolution, a kinematic fit constraining the invariant mass to the π 0 nominal mass [24] is applied to the photon pairs and the resulting energy and momentum of the π 0 are used for further analysis. Candidates for K 0 S andΛ are formed by combining two oppositely charged tracks of π + π − andpπ + , respectively. For these two tracks, their distances of closest approaches to the IP must be within ±20 cm along the electron beam direction. No distance constraints in the transverse plane are required. The two daughter tracks are constrained to originate from a common decay vertex by requiring the χ 2 of the vertex fit to be less than 100. Furthermore, the decay vertex is required to be separated from the IP by a distance greater than twice the fitted vertex resolution. In this procedure, as the combinational backgrounds have been highly suppressed, the charged pions are not subjected to the PID requirement described above, to have the optimal signal significance. The vertex fitted momenta of the daughter particles are used in the further analysis. We impose the requirements 487 Table 2 , corresponding to approximately three times the resolutions. Here, E is the total reconstructed energy of thē Λ − c candidate. For each ST decay mode, if more than one candidate satisfies the above requirements, we select the one with minimal |∆E|. Figure 2 shows the M BC distributions for the ST samples, where evident Λ − c signals peak at the nominalΛ − c mass [24] . We follow the procedure described in Ref. [22] to determine the ST yields for a given tag mode i [N Table 2 . In the procedure of extracting detection effi-ciencies, the M BC resolutions in MC samples are corrected to agree with those in data. Besides, MC simulations show that peaking backgrounds in some ST modes are observed with a yield of 1% or less that of the signal. is selected with the same selection criteria as described above. No multiple DT candidates in an event are observed. The kinematic variable
is used to infer the undetected Ξ 0 and Ξ * 0 , where E miss and p miss are the missing energy and momentum carried away by the undetected Ξ 0 or Ξ We combine the DT candidates over the 12 ST modes and plot the resulting M miss distribution in Fig. 3 . An unbinned maximum likelihood fit is performed to determine DT signal yields. The Λ + c → Ξ ( * )0 K + signal shape is obtained from the MC-derived signal shape convolved with a Gaussian function common to both signal channels whose parameters are left free in the fit. The background shape is described by a quadratic function, which is validated by the candidate events in the ST M BC sideband region of data and the MC-simulated background samples. Figure 3 shows the fitted curves to the M miss distribution. We obtain the DT signal yields of Ξ 0 K + and Ξ * 0 K + to be N DT ΞK = 68.2 ± 9.9 and N DT Ξ * K = 59.5 ± 11.7, respectively, where the uncertainties are statistical only. The statistical significances for the signal are evaluated by the changes in the likelihood between the nominal fit and a fit with the signal yield set to zero; they are 10.3σ for Ξ 0 K + and 6.4σ for
The DT efficiencies ε As the DT technique is adopted, the systematic uncertainties originating from reconstructing the ST side cancel. The systematic uncertainties in the B(Λ Table 3 , and the total systematic uncertainties are evaluated to be 6.7% and 6.1% for Λ 
Summary
To summarize, the absolute branching fractions of two W -exchange-only processes Λ [18, 19] , but have improved precision. For the Ξ 0 K + mode, the combined B gives (5.56 ± 0.74) × 10 −3 , which shows more significant deviations from predicted values in Table 1 by at least 2.6σ. The measured B(Λ + c → Ξ(1530) 0 K + ) favors the calculation in Ref. [4] , while B(Λ + c → Ξ 0 K + ) in Ref. [4] has 4σ discrepancy from experimental result. This indicates that our results are essential to calibrate the W -exchange diagram amplitudes in these theoretical approaches.
